Introduction
Glioblastoma multiforme (GBM), or grade IV astrocytoma, is a heterogeneous, fast-growing, and aggressive type of brain tumor. Once diagnosed with GBM, cancer patients are often associated with high relapse rate and high mortality rate.
1-3 Although significant progress had been made over the past decades to develop more treatment options for patients with GBM, such as antiangiogenic therapy, molecule-targeted therapies, immunotherapy, or gene therapy, the prognosis remains very poor for those patients with 5-year survival rates to be around 5%. [4] [5] [6] [7] Thus, it is very critical to explore the heterogeneous pathology, understand its underlying mechanisms, and seek effective therapeutic targets for GBM.
miRNAs are families of single-stranded, noncoding small (~18-22 nucleotide long) RNAs that attach to the complementary DNA sequences on the 3′-UTR of their downstream targeting genes, inducing gene silencing, thus yielding significantly functional regulations on molecular and cellular developments in both humans and animals. [8] [9] [10] [11] In addition, miRNAs were demonstrated to play important roles in submit your manuscript | www.dovepress.com
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Wei et al regulating pathology among many human diseases, such as cancer. [12] [13] [14] [15] Specifically, in human brain tumor of glioma, miRNAs were shown to be aberrantly dysregulated in cancer patients' tumor tissues or plasma, and may induce functional regulations on cancer cell development, maturation, metastasis, or drug resistance. [16] [17] [18] Within the families of human cancer-related miRNAs, human mature microRNA 1270, hsa-miR-1270, was discovered to be either upregulated or downregulated in several types of human cancers, for example, upregulated in osteosarcoma or renal cancer, 19, 20 but downregulated in endometrial cancer. 21 In addition, hsa-miR-1270 was found to be associated with several cancer-regulating genes, such as glypican 5 or histone deacetylase 4 in human non-small-cell lung cancer, 22, 23 and alpha fetoprotein in hepatoma. 24 However, there has been little evidence directly linking hsa-miR-1270 with functional regulations in human cancers.
In a very recent study, Sun et al demonstrated that, among human glioma subtypes, hsa-miR-1270 might be downregulated in grade IV astrocytoma or GBM. 25 To follow up on this discovery, we conducted a systematic approach to explore the expression profile and functional mechanisms of hsa-miR-1270 in human GBM. The results of this study may help to identify the clinical implication of hsa-miR-1270, as to whether it may be used as an epigenetic target for future molecular therapy for patients with GBM.
Materials and methods gBM cells and clinical tissues
Five human GBM cell lines, LN-18, LN-229, U-138MG, T98G, and A172 cells, were commercially obtained from American Type Culture Collection (Manassas, VA, USA). In addition, a normal human astrocyte (NHA) cell line was commercially obtained from the Chinese Academy of Sciences Cell Bank of Type Culture Collection (Shanghai, China). The cell lines were all cultured in RPMI-1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% FBS (Thermo Fisher Scientific), 100 U/mL penicillin (Thermo Fisher Scientific), and 100 mg/mL streptomycin (Thermo Fisher Scientific), in a humidified environment at 37°C with 5% CO 2 .
Clinical tissues were obtained from eleven GBM patients who received maximal surgical resection at the Second Affiliated Hospital of Chongqing Medical University between June 2012 and November 2017. GBM tissues were identified by independent magnetic resonance imaging and histology evaluations according to the WHO classifications. 26 
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in vitro migration assay LN-18 and A172 cells were seeded in the upper chambers of a Transwell plate (24-well, 8 µm, VWR, USA). The Transwell membranes were precoated with Matrigel (0.1%, Sigma Aldrich). Cells in the upper chambers were maintained in culture medium without FBS (1.5 × 10 4 cells/well), whereas the lower chambers were filled with serum-supplemented regular culture medium. The Transwell plate was kept in a humidified environment at 37°C with 5% CO 2 for 48 hours. Then, Transwell inserts, floating cells, and culture medium were all removed. LN-18 and A172 cells migrated to the bottoms of Transwell plates were fixed, stained with 0.1% crystal violet (Sigma Aldrich) for 20 minutes at room temperature, and then imaged. In each well, the numbers of migrated GBM cells were measured for five randomly selected areas (200 µM × 200 µM). GBM cancer migration was then quantified as the percentages of migrated GBM cells in each well against migrated GBM cells in control wells.
in vivo xenograft assay GBM LN-18 cells, after lentiviral transduction, were xenografted into the subcutaneous compartments of male athymic nude mice (5-week old, 1 × 10 6 cells/injection). Twelve mice received xenografts transduced with miR-MC lentivirus. Fourteen mice received xenografts transduced with miR-1270M lentivirus. Every week, length (L, mm) and width (W, mm) of LN-18 xenografts were measured, and their volumes (V, mm 3 ) were estimated based on a formula, V=L*W*W/2. After 5 weeks, mice were killed. LN-18 xenografts were removed from mice bodies and compared under the microscope.
Dual-luciferase reporter assay
The 3′-UTR of human WT1 gene was inserted into a pmiR-REPORT luciferase vector to generate a wild-type luciferase plasmid, WT1-WT (Shanghai Genepharma). Alternatively, at position 910-916 and position 2329-2335 of human WT1 DNA sequence, the sequences were mutated to nullify hsa-miR-1270 binding. The mutant WT1 3′-UTR was also inserted into pmiR-REPORT to generate another luciferase plasmid, WT1-MU (Shanghai Genepharma). In a dual-luciferase reporter assay, HEK293T cells were pretransduced with miR-MC or miR-1270M, followed by secondary transfection of WT1-WT or WT1-MU for 24 hours. Relative luciferase activities were measured using a Multiskan plate-reader (Thermo Fisher Scientific) according to the manufacturer's recommendation.
Western blotting assay
LN-18 and A172 cells were lysed with a Pierce™ IP Lysis Buffer (Thermo Fisher Scientific). Equal amount of extracted protein samples were then blotted onto a nitrocellulose membrane (Shanghai Genepharma). A WT1 polyclonal antibody (1:500, Invitrogen) and a polyclonal beta-actin antibody (1:10,000 Invitrogen) were used for primary Western blot reaction, and horseradish peroxidase-conjugated secondary antibodies (Invitrogen) were used for secondary Western blot reaction. Finally, the blots were visualized using a Fusion Solo chemiluminescence system (PEQLAB Biotechnologie GmbH, Germany) according to the manufacturer's recommendation.
WT1 overexpression assay
The whole sequence of human WT1 gene was inserted into a mammalian overexpression vector, pcDNA/3.1+, to generate a WT1 overexpression plasmid, pc/WT1 (Shanghai Genepharma). An empty pc/DNA/3.1+ vector was applied as control plasmid, pc/C (Shanghai Genepharma). In LN-18 and A172 cells with hsa-miR-1270 overexpression, they were secondarily transfected with pc/C or pc/WT1 for 72 hours. After that, healthy cell colonies were selected and passaged for three times. Then, qRT-PCR was conducted to examine WT1 expression in GBM cells.
statistical analyses
In this study, all statistical analyses were conducted using a SPSS software (SPSS, version 16.0, IBM Corporation, Armonk, NY, USA). Data were averaged from at least three biologic repeats, and demonstrated as means ± SEM. A one-way ANOVA, along with Turkey's post hoc test, was conducted across this study. A P-value ,0.05 was considered as statistically significant.
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Results
hsa-mir-1270 is downregulated in both gBM cell lines and clinical tumors
We examined hsa-miR-1270 gene expression in GBM cell lines. Through qRT-PCR analysis, we found that hsamiR-1270 was significantly downregulated in LN-18, N-229, U-138MG, T98G, and A172 cells, compared with a NHA cell line ( Figure 1A , *P,0.05). In addition, in eleven patients diagnosed with GBM, qRT-PCR showed that hsa-miR-1270 was significantly downregulated in GBM tissues, compared with paired normal tissues, in nine patients ( Figure 1B Then, lentiviral-transduced LN-18 and A172 cells were examined by an in vitro migration assay for 24 hours. GBM cells migrated into the lower chambers of Transwell assay were stained by crystal violet. The imaging results showed that significantly less miR-1270M-transduced cells were observed than miR-MC-transduced cells ( Figure 2C ). In addition, quantification on cancer migration demonstrated that hsa-miR-1270 upregulation markedly inhibited GBM migrating capability in vitro ( Figure 2D , *P,0.05).
Thus, our data clearly demonstrated that hsa-miR-1270 upregulation suppressed GBM in vitro functions of proliferation and migration. 
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Wei et al www.targetscan.org and miRDB, www.mirdb.org), we found that human WT1 was a possible downstream molecular target of hsa-miR-1270 with two potential DNA binding sites on its 3′-UTR ( Figure 4A ). Then, through the examination of a dual-luciferase reporter assay, we confirmed that hsamiR-1270 did physically bind human WT1 gene ( Figure 4B , *P,0.05). In addition, analysis of qRT-PCR showed that, in lentiviral-transduced LN-18 and A172 cells, WT1 gene expressions were significantly downregulated by forced hsamiR-1270 upregulation ( Figure 4C, *P,0.05) . Moreover, Western blot analysis showed that, in lentiviral-transduced LN-18 and A172 cells, WT1 protein expressions were also significantly reduced by forced hsa-miR-1270 upregulation ( Figure 4D) .
Thus, our data clearly showed that WT1 was regulated by hsa-miR-1270 in GBM.
WT1 upregulation reversed hsa-mir-1270-induced suppression on gBM in vitro functions
Finally, in hsa-miR-1270-upregulated LN-18 and A172 cells, we transduced them with a mammalian overexpression plasmid, pc/WT1. Analysis of qRT-PCR showed that, in cells transfected with pc/WT1, their endogenous WT1 expressions were strongly upregulated, as compared to cells transfected with a control overexpression plasmid, pc/C ( Figure 5A , *P,0.05).
The mechanistic implications of WT1 upregulation on GBM in vitro functions were explored. First, secondarytransfected LN-18 and A172 cells were examined by the in vitro proliferation assay for five consecutive days. It showed that, in hsa-miR-1270-upregulated GBM cells, in vitro cancer cell growth was significantly augmented in pc/WT1-transfected cells compared with pc/C-transfected cells ( Figure 5B, *P,0.05).
Then, secondary-transfected LN-18 and A172 cells were examined by an in vitro migration assay. Twenty four hours later, the imaging results showed that, in hsa-miR-1270-upregulated GBM cells, significantly more pc/WT1-transfected cells were observed than pc/C-transfected cells ( Figure 5C ). In addition, quantification on cancer migration demonstrated that, in hsa-miR-1270-upregulated GBM cells, WT1 upregulation significantly increased GBM migrating capability in vitro ( Figure 5D , *P,0.05).
Thus, our data clearly showed that WT1 upregulation reversed hsa-miR-1270-induced suppression on GBM in vitro functions. hsa-mir-1270 upregulation suppressed gBM in vivo xenograft GBM LN-18 cells, after lentiviral transduction, were xenografted into the subcutaneous compartment of male athymic nude mice. The xenografts were allowed to grow for 5 weeks in vivo. Their subcutaneous tumor volumes were estimated on weekly basis. It showed that LN-18 xenografts transduced with miR-1270M grew much more slowly than those transduced with miR-MC ( Figure 3A , *P,0.05). After 5 weeks, subcutaneous GBM xenografts were removed from mice, and imaged. It demonstrated that hsa-miR-1270 upregulation significantly suppressed GBM in vivo xenograft ( Figure 3B ).
WT1 was regulated by hsa-mir-1270 in gBM
Next, we asked whether other signaling pathways were correlated with hsa-miR-1270 to regulate GBM functions. By studying several online miRNA targeting algorithms (TargetScan, 
Discussion
It is well documented that miRNAs are aberrantly expressed, and play important roles, such as prognostic biomarker and functional regulators in human glioma or GBM. [16] [17] [18] A very recent report showed that hsa-miR-1270 was particularly downregulated in grade IV astrocytoma or GBM. 25 Thus, in this study, we first probed the gene expression of hsa-miR-1270 in both GBM cell lines and GBM tumors. We found that hsa-miR-1270 was universally downregulated in examined GBM cell lines. In addition, in nine of eleven paired clinical samples of GBM patients, hsa-miR-1270 was found to be downregulated in GBM tumors compared with adjacent normal tissues. Interestingly, in the other two paired clinical samples, although it was not significant, hsa-miR-1270 expression levels did seem to be lower in GBM tumors than in adjacent normal tissues ( Figure 1B) . Thus, the meaning of our results could be twofold. First, hsa-miR-1270 may be predominantly submit your manuscript | www.dovepress.com
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Wei et al downregulated in both immortal GBM cell lines and GBM tumors, which makes it a potential candidate to be used as a prognostic biomarker in GBM diagnosis. Second, the exact hsa-miR-1270 expression profile in GBM patients could be heterogeneous. There could be subtypes of GBM tumors with less-downregulated hsa-miR-1270 expression levels. Or, hsa-miR-1270 may not be downregulated, or even upregulated in GBM tumors. Therefore, more clinical examinations with a large size of patient pool would be necessary to elucidate the exact hsa-miR-1270 expression profile in GBM.
Second, we applied lentiviral transduction to create two GBM cell lines, LN-18 and A172 cells, with stable hsa-miR-1270 overexpression. Then, by comparing them with GBM cells without hsa-miR-1270 overexpression, we were able to discover that hsa-miR-1270 upregulation had significant antitumor effect in GBM by suppressing cancer cell proliferation and migration in vitro, as well as tumor growth of xenograft in vivo. In several previous cancer studies regarding miR-1270, researchers were able to identify its aberrant expression profile among human cancers, but failed to reveal its functional mechanism. 19, 21 Only in a very recent report, Zhong et al showed that inhibiting miR-1270 could yield anticancer mechanisms in osteosarcoma. 20 Thus, the results of our study were among the very first groups to identify functional mechanisms of hsa-miR-1270 in human cancers. Specifically, our data suggested that upregulating hsa-miR-1270 might be an effective biologic target for GBM molecular therapy.
Also in our study, we discovered that human WT1 gene was actively involved in hsa-miR-1270-mediated cancersuppressing effects in GBM. Through a dual-luciferase reporter assay, qRT-PCR, and Western blot analyses, WT1 was shown to be directly bound by hsa-miR-1270, and inversely downregulated by hsa-miR-1270 upregulation in GBM cells. Most importantly, we demonstrated that WT1 overexpression reversed the anticancer effects of hsa-miR-1270 upregulation on GBM proliferation and migration in vitro. In a previous report, WT1 was shown to be strongly expressed in glial tumors, hinting its direct correlation with glioma proliferation. 27 In another report, immunotherapy utilizing WT1 peptide vaccine was demonstrated to be very effective among WT1-positive GBM patients, further suggesting an oncogenic nature of WT1 in GBM. 28 While the results of our study were generally in line with those previous reports, our study was the first one to correlate WT1 with microRNA epigenetic regulation in GBM.
Conclusion
Overall, our study presented strong evidence showing that hsa-miR-1270 was predominantly downregulated in GBM. Upregulating hsa-miR-1270 had significant tumorsuppressing effects on GBM functions, possibly through inverse regulation on WT1 gene. Thus, the miR-1270/WT1 signaling pathway may be a potential therapeutic target for GBM treatment. Moreover, given the fact that GBM contains subsets of GBM stem-like cells, it would be interesting to learn, possibly through future study, any possible effects of miR-1270/WT1 signaling pathway in neurogenesis or tumorigenesis in human brain.
